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Univ««iiy of Califprnia vJffi* of Technology TransRr 

tnstrtictions for Compleiing 
DISCLOSURE AND RECORD OF INVENTION FORM 

The following instructions apply lo the correspondingly numbered sccuons of the Univcrtily of California - Office of Technology Transfer 
Disclosure and Record of Invention Form. 

1. Ct«ftie a short title, suffidcnlly descriptive to Idemify the g^cral nature of the invention without revealing specific details that 
would enable others to reproduce it. A fbur- to eight-word length is about right. 

2. A. Provide a brief summary which addressee the essential nature of die invention and which would enable another person working in 

the field to reproduce the invention. Point out its novel features and advantages. 

2. B. Use additional sheets to provide a eoniplete description which should cover the following points: 

a) general purpose or utility; 

b) brief description of the state of the art prior to your invention; 

c) technical description including drawings* schematics, sketches, flow diagrams, etc. as appropriate; 

d) describe the best way of practicing the invention; 
c) possible modifications and variations on the best way; 

0 advantages and improvements over existing practice, and the feanjres believed to be new. 
Do not withhold any key elements of the invention, as a complete description is essential to an enforceable patent. 

3. As funding often carries patent obligations, be sure to include all outside agenciea, organizations, or companies thai actually 
provided any supply, or expense funding to any inventor for the research that led to the conception or first actual reduction 10 
practice of the invention. (Do not list any funding source gramitously.) 

NOTE: Failure to provide complete informaiion on funding sources may result in delayed processing of your disclosure and/or 
difficulty in the University's fulfilling its legal obligations to research sponsors. 

4. "Inventors" (who sign under item 13) not employed 100% by the University may also have obligations to their employer? which 
will require coordination. Please identify these other employers. For example. Veterans Administration employees must submit Va 
disclosure forms to the local VA facility as well as disclosing to the University. 

5-9. This informaiion is legally impoftam for dctemiining priority of inventorship and / or legal "bar?" 10 patenting- As a general rule 

public disclosure, in any manner, before the date a formal patent application is actually filed in a national patent ofTicc, automatically 
destroys patent rirfils in most foreign countries. Receipt of your Disclosure and Record of Invention Form by the Office of 
Technology Transfer (University Patent Office) is not the same as the filing of a patent application. (While United Slates patent Uw 
allows inventors up to one year to file patent application after first printed publication, public use or sale, the loss of foreign nghis 
often is very important to potential industrial licensees.) 

10. List literature references that most closely describe the state of ihc related art prior to your invention. While you are not required to 
make a search of the literature, such a search by you will assist in the cvaluation.of your Invention. 

1 1 . Please attach a copy or summary of any written or oral agreement, such as a biotogical materials transfer agreement^ into which you or 
other University personnel entered in order to obtain any proprietary material used to make or develop your invention, 

12. (Qpiional) Based on your knowledge, pleasc provide the names and addresses of companies thai are, or may be, interested in 
manufacturing, using, and / or further developing your invention. 

13. Complete the requested infbnnalion, and obtain signatures of the inventors. List as inventors those individuals- who. Individually 
or Jointly, contributed either to the conception or reduction 10 practice of your invention. In the event that a patent application is 
filed by the University, acioal inventorship will be determined as a matter of law by a patent aicomey. (Do not list any inventor 
gratuitously. The rules for inclusion are not the same as a scientific publication,) 

14. Obtain the signatures of two technically qualified witnesses who have read and understood the Disclosure and Record of Invention 
Form. Use University of California employees whenever possible. 

NOTE: ORIGINAL SIGNATURES arc required for items 13 and 14. If a co-inventor is not available to sign due to unavoidable 
circumstances, please so indicate. 

If you would like assistance in completing this Disclosure and Record of Invention Form, please call the OfTice of Technology Transfer ai 
(SlO) 5S7*6000. We m here to assist you. 

Please Submit the original completed Disclosure and Reooit! of Invention Form, with signatures 10: 

Director - Office of Technology Transfer 
Office of the President 
University of California 
1 1 1 1 Franklin Street, S**" Floor 
Oakland. CA 94607-5200. 

If you do not receive an acknowledgment wit hin 30 days, pleasc call the University Office of Technology Transfer at (510) ^^^^^^Qp^ 

fttfv \IJ96 ♦ Copyright © 1998 The Regents of the University of California ♦ All Rights ReservK)^ ^ECE/VSD^' 
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DISCLOSURE AND RECORD OF INVENTION FORM 




of Invention u other UnWerstty cwployew fot peer review. 



Short descriptive title of the invention. 

Tunable Laser Source With Integrated Optical Modulator 



A. Bfieny suramari» the invention here. Indwh the novel featww and advamages. , ^ , , ,.»^, .u,. 

The invention is aSe and effeaive mohod for cieating a tunable laser source with an integrated optiral modulator thM 
^ni^rTZ^oSihsmAcoT^d^ chip. The source can be rapidly nined over a wide wavelength '"^'"S « 
» hTused^ a variety of applicadons from wavelength division multiplexed fiber opttc commumcanons to phased array 
^i^. Int^t^nTa with this source provides a highly desirable me*od for modulating "-'1^ ^^^^^^ 

S^wi'SXermrbing the mode stability of the laser or introducing high levels of frequency ch.tp. It «^.«™"es much 
hS>e^nSlLion frequencies to be reached than is possible with just the laser. '"^'^••<>?;°»'«**«^* 
ti« device and a highly desirable method for fabricating it The device includes a widely tunable sampled grating dismbuted 
S^iTtS^Sr li^?2^d t^?e^^^^ niodulator. The modulator and *e laser shan. a '^^^'^^^^^^J' 

desi^ to provide high index tuning efRciency in the laser and good reverse bias extinction .n the tnojulator. A separate 
multiple quantum well layer on top of the waveguide provides the optical gain in the active scaion of the laser. 

B Detailed dcscripdon of the invcption using additional sheets as necessary and anach as appeiidix. , . , ^ ~ . 

TTie sampled grating distributed Bragg reHector laser is a promising device for use in wavelength div.sionmulaplcxcd nber 
Sdc^iSfn systems. It is fmoir complicated device than the conventional distributed Btagg ^f^^orl^ which 
are cunentlv used. It is a four section device which incorporates two tuning mirrors a gam section and a phase conrroi 
S^SSio t£ principle advantage of these lasers is that they can be rapidly tuned over a wide wave^ngth range by 
JSrSSnt olSdr contol cuttenta (Figure 2). TbU is a highly desinible feature which "^'i^™ 
and next eenctation fiber networks. In order to achieve this wide range tuning, these devices require fairiy large passive 
mninSe'S^ ™s ma'S^Jicm four to five times larger than convendonal fixed wavelength 'asen. Havmg Ui^c 
amount of passive material in the laser cavity reduces the speed with which they can be turned on and off. This limits die 
rate at which diey are able to transmit data making Aem unsuitable for high bandwidth applications. 



Back Mirror 




Figure 1. Sampled Grating Distributed Bragg Reflector Laser 
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There are two other fiictoR that make it difficull to use these devices to transmii -*ta. .he wavelength in the sampled grating 
S^bS^ BnS^n^or laser U controlled by aligning a pair of t^flecion peak in ^^X:]^ J**^^^^^^^ 
mode. When the gain current is modulated over a wide range of currents u can Astiiib this jU gmnent resulnng^^^ 
SilsrwitSn ^ device which is highly undesirable for data transmission. To prevent this mode .nstab.l.tyi4.e devices 
can only be modulated over a narrow range of output powers which introduces a significant extinction ratio if«nalpr(o the^ 
data transmission performance. TTic other problem with directly modulating the las«rjs frequency chirp, which is the shift m 
ihe laser oscillation frequency that oecurs when it's output power level is changed. transmusion 
systems since it causes pulse spreading, which limits the maximtim distance over whwh data can be sent. 
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Figure 2. Tuning curves for wide range wavelength tuning 



^T^Td^.t!o^'"Xuc design for a widely tunable laser with an integrated modulator 
cost fabrication process to be used to make both the laser and modulator together on a single 

design is in the transverse sirucOire of the waveguide. A single common waveguide layer is used for die tuning fj^^^^ in the teser 
and for the modulator. A multiple quantum well acuve region is grown on top of this layer separated by a ch.n suip etch TT« 
layer is removed from the toning and modulator sections with a selective wet etchant pnor to regrowing a cap layer on the device. A 
cross section of the device waveffiide structure is shown in Figure 3. 
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Figuce3. Cross section of intcgiatcd laser modulator 



The device per&imanoe is optimized by using a thicic, low bandgap waveguide layer. This provides good mdex tuning efficiency m 
the minor seeUons and a reasonable extinction ratio and chirp paiameter in the modulator. The operahon of the modubtor is based on 
either the Franx-Keldysh effect in a bulk semiconductor waveguide or <m Ihe quantum confined Stark effect m a rault^le quantum vrcu 
layer. When a strong electric field is appUed to to waveguide the band edge of the material is shifted to lower energies allowing it to 
absorb the output laser light (Figure 4). This teefanique allows very rapid modulatioa of a device with minimal wavelragft <Aiipms. 
Under the correct conditions this can produce sufficient optical loss to extinguish the output light intensity by more than 20 dHeven 
over a wide wavelength range. For narrower ranges of operation a multiple quantum vnrcll modulator could be used grown Into the 
center of a higher bandgap waveguide. This would provide less efficient tumng in the laser but would allow fbr lower voltage 
operation in ihe modulator since the bandgap detuning can be reduced due to the sharper absorption edge of the mulnplc quantum well 
smiciure. 




Wavefoncdons 




Figure 4. Franz-Keldysh effect in modulator 

A schcmaiic of an integrated laser modulator is shown in figure 5. In this preferred embodiment the device would iticorporare a 
buried hctcrostnicture waveguide with an Fe-n-p blocking junction. The Fe blocking junction blocks lateral current leakage m the 
laser and reduces the parasitic junction capacitance of the modulator, hiitial tests of a buried hcierostructtire electro-absorption 
modulator btegrated with a sampled grating distributed Bragg rcncctor laser were conducted to demonstrate this mvennon. In mese 
tests a 400 nanometer thick waveguide vAx\i a bandgap wavelength of 1-4 microns was used. The laser had a njning range of more 
than 47 nanometers. The modulator was able to produce more than 26 dB ofcxtinciion over Ais entire Uimng range with only a ^ v 
bias (Figure 6). 
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Fieuie S. Schematic of buried sampled grating distributed Bragg reflector laser with 
Integrated electro-absorption modulator 
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Figure 6. Response curves for integrated laser modulator over a 50 nm tuning range 
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3. List ihc ftinding sourcc(*) for the project under which ihis invemioii was made. If applicable identify by contmci or gnmi number 
and name the Principal Invesiieator/Supcrvisor of cach. 

PnACipal Invasdgator/Supervifior 



Funding Source/Sponsor 



Naval Research Labs 



Contract or Gnint Number 



pJnDQI^-Q^-N6D(4 Prof. L. A, Golden 



4. 



For any Inventor named (item 13) who is not employed fiJl-time by the University of CaJifomia, plca«5 idcntiftr odNcf employee (eg.. 
Vctenms Administration, Howard Hughes Medical Institute USDA). the percent of salary time funded by such other employer, and 
the nature of the other employment (such as reseuieh, teaching or chnicaJ duties). 



When did 



conoeivo this invention? 



What is ihe date of the first wntten leooid (notebook^ letter, proposal, drawing, etc.) of this invention? Identify the document, page 
numbcfs involved, and location of the dogtment^ 




t successfully test this invention? 



If you have disclosed this invention lo non-UC personnel (Inctudhig research sponsor) then indicate when, under what 
circumstances, and to whom. 



a. 
b. 



orally 

jn writing 



c by actual use. demonstmiion, or posters 

9. Have you submitted or do you plan to submit a report, abstract, paper or thesis relating to this invention for publication, for 
presentation at a conference, or to a research sponsor? 

If yes. give details, including the actual or planned date of submission. If a manuscript has been accepted, give the anticipaied 
publication date. Append a copy of the latest draft manuscript available. (Sec insifudions for the effect of publicaciOrt prior to Uic 

filhl g of a pate nt a pplicot 



10. Identify any references, patent applications, or other publications of which you are aware and which you believe to be pertinent lo 
dils invention. Please attach a copy of each of these references, if available. 

11. If any proprietary material (e.g., cell line, antibody, plasmtd. computer software, or chemical compound) obtained from outside your 
laboratory was used to develop this invention under a restrictive written or oral transfer agreement (other than a normal purchasing 
agreemcni), please attach a copy or summary of that agreement. 



12. 



List companies you believe might be interested in using, developing or marketing this invention.. 
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13. Sisnaiures, N»nes, and Addresses of Inventors 




Prjiil Name 
Thomas Cordon Beck Mason 



Dcpt/ORU 

Electrical and Computer Engineering 



Rm&Bldg 

Ei^ineering II. III9E 



Camims (Addreaa if non-UC) 
Universiiy of Califoinift, Santa Barbara 

City/Siare/Zip 

Santa Barbara. CA., 93106 



Telephone 
(805) 893<846S 



Facsimile 
(805) 893*4500 



Email 

mason@eci.ucsb*cdu 



Dept/ORU 

Electrical and Computer Engineering 

Rjn & Bldg 
Engincenng II. 



Campus (Address if non-UC) 
University of Caliibniia, Santa Barbara 



Citj^/Scate/Zip 

Santa Barbara, CA., 93t06 



Telephone 
(805) 893-7104 



Facsimile 
(805) 893-4500 



Email 

coldrcn@eci.ucsb.cdu 





Dcpt/ORU 

Electrical and Computer Engineering 



Rm&Bldg 

Engineering lU ni9E 



Campus (Address if non-UC) 
University of California* Santa Barbara 



City/Siate/Zip 

Santa Barbara. CA., 93106 



Telephone 
(805) 893-8465 



Facsimile 
(805) 893-4500 



Email 

6500ftsh@umaiKucsb*edu 



Signatutt 



Prim Name 



Dept/ORU 



Rm&Bldg 



Campus (Address if non^UC) 



City/SUtc/Zip 



Telephone 



Facsimile 



Email 



Date 



Note: if there arc more invcnwre please pmvide signatures, names and addresses on an additional sheet of paper. 
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^nieally Q4al.fie(l Witnesses i fwo Rctjuire d^ Invention disclosed to arKl^n«l«,.ooa vy. 






Print Name 



Submii this fonii with ORIGINAL SIGNATURES direct(y lo: 

Director - Offiee of Technology Transfer 
Office of the President 
Utiiversliy of Califomia 
1 11 1 Frwiklin Street, 5* Floor 
Oakland, CA 94607-5200 



Print Name 



If you do not derive » wknowledgmom withio 30 pleasc caJI Ih. Univemty Oflice of Technology W- at (510) 587^000. 

MftTB. ™«TRraUTlON OF COPIES OF A COMPLETED FORM TO THIRD PARTIES IS EXPRESSLY PROHIBITED. AS 
NOTE: D^JT^aUTlON ^OWKOF A^COMPlj^^^ CONTAINED IH ANY COMPLETED FORM. 



Retention; 7 years .fter last pMem expire, or 10 y«« after the date of the last a«iOB. ".'•^''^ 

E0t^tlycW/82 Re.i:red 11/96 ♦ CopyrigW « 1998 the Regents of the Umversiiy of C-hfomi. ♦ AH R«ht» Reserved 



PA(£24Q4'RCVDATB/20(I54:59:47PM {Eastern Stanilardriine]'SVR:USPTO{^ 



